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Introduction
The depletion of oil resources and the stricter environmental regulations, are acting synergistically to boost new materials and products which are compatible with the environment and are independent of fossil fuels. In the field of composite materials widely used in engineering, the increasing environmental concerns have encouraged the replacement of synthetic fibers by natural fibers. Natural fibers, as the name suggests, are extracted from natural resources, and may be from mineral, vegetable or animal source. In recent years, there has been substantial growth in the research, development and application of the so-called "biobased composites" or NFRP (Natural Fiber Reinforceed Plastics). Such composites are applied in major industrial application sectors such as construction, automobile, interior design, packaging, toy, etc. These materials show interesting characteristics of sustainability, recyclability and even biodegradability. The NFRP offer additional advantages such as low density, high strength/weight ratio, no brittle fracture, and good acoustic and thermal insulation properties. These characteristics make them interesting materials mainly for the construction industry and the automobile [1] [2] [3] [4] [5] .
On the Mediterranean coast, due to the special nature of the climate, a native variety called "Cyperus esculentus L." is grown. This herbaceous plant produces an edible tuber known as tiger nut as shown in Figure 1 (a). Its most appreciated use is for the development of a milk-like beverage called "Horchata". For the production of this beverage, the tuber is ground, and after its processing a wet solid waste is generated without any kind of application, as shown in Figure 1 (b). For the producers, the residue of ground tiger nut in making horchata is a problem because it generates large volumes without any economic value. Also, such residue is capable of rapid fermentation. This involves costs for the producer, and environmental damage.
The tiger nut is also cultivated in areas with temperate climates such as Brazil, Chile, and the states of Louisiana, Florida, Missouri, New Mexico in USA [6] [7] [8] . One way to minimize this problem, is the revaluation of this lignocellulosic waste using it as natural fillers on "biobased composites". In order to incorporate very high levels (≥ 50%) of this residue in a polymer matrix it is planned the use of compression molding technique from several layers of nonwoven with high content in tiger nut. Nonwoven materials are characterized by very low density, to be porous and be formed of fibers or filaments which are joined by chemical, thermal or mechanical forming network-like structures. Its production cost is low as well as being very versatile materials, easy to form, recyclable, flexible, etc. They are widely used as filters, hygiene and personal care, automotive components, elements for thermal and acoustic insulation, etc. and new products which use this type of tissue x appear every day.
In this work, wet-laid nonwoven processing technology has been chosen in order to obtain fabric using tiger nut waste. The traditional technique of paper processing has been applied and the tiger nut waste in an aqueous medium became a nonwoven sheet.
The Wet-Laid technology is used in order to develop nonwoven composites of all fibers which have the ability to be dispersed in fluids. The Wet-Laid technology enables the production of products with very good homogeneity, versatility in product finish and high production.
In general, the process follows these steps: Fiber dispersion in water, continuous formation of the nonwoven filtering on a mesh, consolidation and drying of the nonwoven.
The dispersion of the fibers in a liquid is extremely important in the production method for the nonwoven Wet-Laid technology. Raw materials must be able to be separated homogeneously in loose fibers to form a slurry and remain evenly distributed during its transport to the formation of nonwoven. The mixture of fibers suspended in an aqueous medium is deposited on a porous conveyor belt which allows the pass of water. The conveyor belt transports the nonwoven to the next stage where the material is consolidated by a thermal process.
As a result, it is obtained a uniform sheet of nonwoven fibers that have not been damaged during processing distribution. In addition this technology is environmentally friendly and enables the production of nonwovens with high volume of fiber and low quantity of matrix, so the final costs are also reduced because the polymeric matrices are expensive [9] [10] [11] [12] [13] [14] .
These nonwovens are the base of laminated composites by hot pressing of several layers. During the processing, pressure and temperature are applied and the thermobonding materials that were added merge in order to unite the composite. Such composites do not have a continuous matrix and are characterized by high amounts of fiber, sometimes they are greater than 90 wt% fiber, but the mechanical behavior is adequate for many technical applications that not require high resistance [15] [16] [17] [18] .
Thus, the main objective of this study is to obtain and characterize mechanically the composite material obtained by hot-press molding. The material is made of layers of nonwoven which are rich in tiger nut waste and are obtained using a wet laid process.
The influence of different binding fibers and thermo-bonding over the properties of the material will also be determined. It is intended to determine whether the biocomposite rich in tiger nut residue is suitable for application as technological material.
Experimental Materials
The tiger nut residue from the production of horchata has been provided by the University Miguel Hernández (Elche, Spain). In order to obtain the nonwoven it is used the wet original waste (without drying) since in the wet laid technology, in the first stage it is mixed with water. The moisture of the tiger nut waste is about 80%, so it is plasticene like. Particles of this residue have an average size of 1.5mm with polygonal shapes, as shown in Figure 2 . PLA fibers were supplied by the company Trevira GmbH (Germany), and its reference is 260, the fiber length is 6mm and melting temperature is 160ºC.
The bicomponent fibers PA6/CoPA have been provided by the company EMS-GRILTECH GmbH (EMS-CHEMIE, Neumünster, Germany), whose sales reference is BA 140. They have a core/shell structure in which the fiber core is composed by PA6 and sheath or outer layer is formed by CoPA. The shell or sheath has a melting point of 135ºC with 6 mm fiber length.
In addition, flax fiber has been used as reference material in order to compare the characteristics of the obtained composite with tiger nut fiber. STW Fibers also provides the Commercial flax fibers, reference F513, with 6mm in length and with a diameter between 10 and 500μm.
Processing of nonwoven sheets
The formulations proposed for the study of the composite materials with tiger nut are shown in Table 1 . Each one of these formulations was processed by wet laid technique following the steps shown in figure 3 , obtaining nonwoven sheets rich in natural fiber. 1  80  -10  -10  --342  2  80  -10  --10  -307  3  80  -10  ---10  352  4  80  --10  10  --295  5  80  --10  -10  -314  6  80  --10  --10  7  -80  10  -10  --422  8  -80  10  --10  -428  9  -80  10  ---10  409  10  -80  -10  10  --348  11  -80  -10  -10  -336  12  -80  -10  --10  360  13  40  40  10  -10  --345  14  40  40  10  --10  -395  15  40  40  10  ---10  361   16   40  40  -10  10  --336  17  40  40  -10  -10  -324  18  40  40  -10 Each one of the fiber blends proposed in the study, with a dry weight of 800 g, is dispersed in water (1g l -1 ) in a high shear stirrer in order to separate and uniformly disperse the fibers. The used stirrer was provided by PILL Nassvliestechnik (PILL Nassvliestechnik GmbH, Reutlingen, Germany). It has a capacity of 800 liters, and stirring was performed at 2400 rpm for 10 minutes. Once the fibers are well dispersed in the aqueous medium, the mixture was transported to the area of formation of the nonwoven using of hydraulic pumps.
The fiber/water mixture is deposited on a porous conveyor belt with a feed rate of 1 m.min -1 which acts as a filter. The porous belt drains water and the fibers remain deposited over the belt forming the nonwoven sheet. The consolidation of the obtained sheet is done in two steps: The first one through a drying oven, and the second one passing the material between two hot rollers that apply pressure and heat to the nonwoven. The drying oven used was supplied by Tacome SA, mod. SDT-600 (Tacome SA, Valencia, Spain). In this first drying step the nonwoven is maintained at 180°C for the PLA blend, 150ºC for PA6/CoPA, and the HDPE at 152ºC all of them for 10 minutes 
Results and discussion

Nonwoven morphology
The different biocomposites proposed in this work (Table I) From the viewpoint of the types of natural fibers, the tiger nut/Lyocell/PLA reach the maximum value of flexural strength. Its flexural modulus is 12% higher than that one obtained in flax/Lyocell/PLA (15.6 MPa). When cotton is used as a binder, this parameter is 10% higher for flax/Lyocell/PLA. It can be concluded that the response to bending stresses in the biocomposites studied, the most influential component is the thermobonding used. The use of fibers of PLA provides maximum performance against bending.
It has to be considered that the flax fiber bicomposites are used as benchmark in this paper. Analyzing the graphs it can be determined that laminates with high contents of The hardness obtained for the three systems biocomposite tested: 80%wt Tiger nut, 80%wt Flax, 40%wt Tiger nut+40%wt Flax, is shown in Table II The morphology study of the fracture surfaces obtained after the impact test ( Figure 9) show a lack of continuity in the internal structure of the biocomposites studied. The inside part of the bicomponent fiber does not melt and it facilitates the bonding between fibers by entangling effect between them.
Conclusions
A nonwoven material has been obtained applying wet-laid technology with high content of tiger nut waste. This technique of obtaining nonwoven in a wet manner presents the advantage that it is possible to use waste in the form of short fibers or particles and only needs water in order to process the material, so it is an eco-efficient technology. The use of such high contents of tiger nut, 80% wt, permits the revaluation of a major industrial waste.
Obtaining wet laid sheets requires the addition of binder fibers, lyocell and cotton, and thermo-bonding, PLA; HDPE; PA6-CoPA.
The subsequent forming of several layers of nonwoven by termoconpresión lets to obtain biocomposites. Such composites are characterized by not filing a continuous matrix, which has negative effects on the mechanical response of the material. In the response to the bending stresses in the biocomposites studied, the most influential component is the thermo-bonding used. The use of PLA fibers provides maximum performance against bending. Tiger nut/lyocell/PLA exhibit the maximum flexural modulus, 861.78 MPa, and 28% higher than that obtained with flax/lyocell/PLA. In the case of using cotton as a binder, this parameter reaches a value of 872.04 MPa, 18% higher than flax/cotton/PLA.
The results obtained in this study determine that the biocomposites with high contents of tiger nut residue, are suitable materials for many technical applications that not require high strengths. Its manufacturing is optimal using the wet-laid technique and compression molding. This material comes from an agri-food waste and it is very interesting from an environmental and sustainability point of view. It would be suitable for applications such as soundproofing panels or thermal insulation for interior cladding in construction, automotive industry, furniture, etc.
